The purpose of the study was to determine the relationship between herbicide rate and weed community biodiversity in continuous wheat. A six-year field experiment was conducted to examine the effect of four chlorsulfuron rates in comparison with untreated (the control) plots, on the status and severity of weed infestation -in successive study years of cultivating winter wheat in monoculture. In addition, the following indices were calculated: Shannon-Wiener and Simpson's index of biodiversity, and Simpson's index of domination. A total of 36 weedy species were identified in the experimental plots. The richest segetal communities were established in the control plots. An application of herbicide reduced the biodiversity of the agrophytocensosis. A short-term monoculture did not impoverish the species richness of the weed community established in winter wheat. The average number of species in the community was significantly greater in the second study year. In the initial study years of monoculture, the biodiversity of the segetal community increased markedly compared with rotation-based cultivation. The calculated indices of biodiversity were not significantly affected by herbicide rate or monoculture but the indices confirmed the trends outlined by an analysis of the status and level of weed infestation.
Introduction
The status and severity of weed infestation in a crop, determine the level of threat posed by the weeds. Infestation severity, defined as the total number or biomass of weeds per unit area is the simplest and most frequently used measure (Dobrzański 2009 ). An adverse effect is also conditioned by the number of weed species and their quantitative relationships, particularly dominating species. A weed community comprising several species may be and often is, more harmful than a community consisting of more than 10 species (Anyszka and Kohut 2011) . As a result, the status of weed infestation, which is the number of weed species per unit area, has to be taken into account, too (Dobrzański 2009 ). Studies on weed infestation in crops, make more and more frequent use of ecological indices of species diversity and domination (Shannon 1948; Simpson 1949; Stupnicka-Rodzynkiewicz et al. 2004; Skrzyczyńska and Ługowska 2008; Rzymowska et al. 2013; Ługowska and Rzymowska 2014) .
The objective of the present work was to determine the biodiversity of segetal weed communities establishing themselves in continuous winter wheat where weeds were controlled using different chlorsulfuron rates.
Materials and Methods
A field experiment was carried out in Wólka Leśna near Siedlce from 2004 to 2009 on grey brown podzolic soil (Luvisol). The trial was a randomised block arrangement with four replicates; the size of a plot was 2 × 8 m. Winter wheat cv. Korweta was cultivated in monoculture; it was sown at 250 kg grain per ha with the following rates of mineral fertilisers applied beforehand: 80 kg N, 70 kg P 2 O 5 , and 90 kg K 2 O per ha. The study concerned the effect of the chlorsulfuron rate on the biodiversity of weed communities establishing in continuous winter wheat during each study year. The chlorsulfuron (applied as Glean 75 DF) rates were as follows: 1) the control -no chemical control; 2) 15 g/ha applied in late autumn at the BBCH 17-19 stage of wheat development; 3) 25 g/ha applied in late autumn, BBCH 17-19; 4) 25 g/ha applied in late autumn, BBCH 17-19, and 15 g/ha in early spring, BBCH 17-19 (40 g/ha in total); 5) 20 g/ha applied twice at 4-day intervals, BBCH 17-19, and once in early spring, BBCH 17-19 (60 g/ha in total).
The rates 40 g/ha and 60 g/ha were split into two and three applications, respectively. This was done so as not to destroy the crop plants. The maximum rates did not exceed 25 g/ha.
In early June, weed infestation was determined using a quadrat. All individual weeds within the 0.5 m 2 were counted in four places of a plot. Then, they were averaged and expressed on a 1 m 2 basis.
The total number of species in all the experimental plots and in each study year was determined. What is more, the average number of weedy species per one plot was calculated for each herbicide rate and study year. The species composition of weed communities and number of plants of each species were used to assess the biodiversity by means of the following indices: 1) Shannon-Wiener index of species diversity H' (Shannon 1948) :
2) Simpson's index of species diversity C (Simpson 1949) :
where p i is the share of ith species in the sample.
All the indicators are widely used in studies of biocenosis diversity.
The values of indices were analysed using two-factorial variance analysis with the following main effects: chlorsulfuron rate and study year. Mean separation was obtained by Tukey's test at the significance level of p ≤ 0.05 (Trętowski and Wójcik 1992) . All the calculations were performed in Statistica 9.0.
Results
A total of 36 weedy species were found in all the study plots during the six-year study period. Individual segetal communities establishing at various rates of herbicide application included a total of 15 to 28 taxa. The average number of weedy species ranged from 3.3 to 6.5. The highest number of weedy species was in the non-treated control and the plots where a reduced herbicide rate was applied. As the herbicide rate was increased, less and less weedy species were found. Statistically, the poorest weed communities established where there was an increased chlorsulfuron rate. The total number of weeds ranged from 55.2 (at the highest chlorsulfuron rate) to 83.7 plants per m 2 (at the lowest rate) ( Table 1) .
The length of monoculture had a much less pronounced effect on the species number of the agrophytocenoses. An average number of weedy species was only significantly higher in the second study year. Weed infestation was significantly higher in the sixth study year; amounting to 137.4 plants/m 2 ( Table 2) .
The calculated indices of biodiversity demonstrated that biodiversity of the weed community was affected by the chlorsulfuron rate. The communities which established in non-treated plots had the highest values of biodiversity indices and the lowest index of domination (H' = 2.4; C = 0.86; D = 0.14). As chlorsulfuron rates were increased, the biodiversity of the communities declined and was the lowest in the plots where the per-hectare rate of 40 g chlorsulfuron was applied (H' = 1.53; C = 0.61; D = 0.39). The index of domination was the lowest in these plots, too. The highest chlorsulfuron rate, 60 g/ha, increased biodiversity (H' = 1.74; C = 0.73) but reduced domination (D = 0.27). However, the relationships were not statistically significant (Fig. 1) .
In the initial study years, the biodiversity of the segetal community in continuous winter wheat markedly increased compared with rotation-based cultivation. The richest community established itself in the second study year (H' = 2.46; C = 0.86; D = 0.12). The agrophytocenosis was substantially impoverished in the last study year (H' = = 0.78; C = 0.36; D = 0.64) but the relationships were not statistically significant (Fig. 2) .
Discussion
The study results indicated that winter wheat agrophytocenosis was substantially impoverished due to chemical weed control. In non-treated plots, the segetal community consisted of 6.5 species, on average. As chlorsulfuron rates increased, the floristic richness gradually decreased till a level of 3.3 species was reached. The total number of species dropped from 28 to 15. The findings of other authors are different. In the study by Rychcik (2006) , herbicides applied in continuous maize reduced the number of species in the community from 26 to 20. Also, Jędruszczak and Antoszek (2004) as well as Adamiak et al. (2011) have reported that herbicides had a negative impact on weed communities in winter wheat. By contrast, Stupnicka--Rodzynkiewicz et al. (2004) , who examined communities in winter wheat and spring barley, have claimed that an application of herbicides reduces the number of weeds but it does not affect their diversity. In turn, Jastrzębska et al. (2007) did not notice any effect of weed control type on the biodiversity of weed communities in faba bean.
Normally, herbicides markedly reduce the number of weeds (Stupnicka-Rodzynkiewicz et al. 2004; Rychcik 2006) . In the study discussed here, statistically significant differences were found between the lowest and the highest rate of chlorsulfuron.
The effect of cultivation in monoculture on the total number of weedy species in the community and the total number of weeds, was much less pronounced. The community was significantly richer only in the second study year. Weed infestation was the lowest in the third study year and the highest in the sixth year. Kwiatkowski et al. (2004) and Rychcik (2006) and observed a significant increase in weed infestation in continuous maize and spring barley compared with rotation-based cultivation.
The indices of biodiversity also confirmed the abovementioned findings. An application of herbicide reduced the biodiversity of the agrophytocenosis and increased the index of domination. It is interesting to note, that the weed community established after spraying with the highest chlorsulfuron rate (60 g/ha), had higher indices of biodiversity and lower species domination than the Means in rows followed by the same letters do not differ significantly (p ≤ 0.05) Biodiversity of segetal weed communities when chlorsulfuron-based weed control is being used on continuous winter wheat 303 Values of indices of biodiversity in consecutive study years indicated that short-term monoculture (several years long) does not impoverish an agrophytocenosis. On the contrary, such cultivation increases its biodiversity and reduces species domination. Other authors have reported different findings. According to StupnickiaRodzynkiewicz et al. (2004) , an effect of crop rotation on weedy species diversity is insignificant, whereas Jędruszczak and Antoszek (2004) have claimed that the longer the monoculture, the higher the index of domination and the lower the index of overall diversity.
The similarity of biological indices, number of species, and number of weeds in the community, emphasised by Anyszka and Kohut (2011) , was high but not complete in the present study. The indices of biodiversity did not depend significantly on an application of herbicide and monoculture but largely confirmed the trends following from analysis of the status and severity of weed infestation.
